transients, evoked by electrical field stimulation, were significantly prolonged in RV myocytes compared with LV myocytes, mainly because of slow decay of intracellular Ca 2ϩ concentration. The slow decay of intracellular Ca 2ϩ concentration in RV and consequent decrease in the speed of RV relaxation may promote temporal synchrony of the end of diastole in RV and LV. The preponderance of functionally silent SR Ca 2ϩ pumps in RV reflects a higher diastolic reserve required to protect and maintain RV function in the face of a sudden rise in afterload or resistance in the pulmonary circulation.
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calcium-adenosinetriphosphatase; phospholamban; phosphoenzyme; calcium transient; diastolic reserve THE OVERALL EFFECTIVENESS of the heart as a pump is greatly influenced by the interdependence of right ventricular (RV) and left ventricular (LV) function. LV and RV output is primarily determined by the interaction between ventricular preload, the contractile state of the myocardium, and the afterload encountered by the ventricle (16) . However, the physiology and hemodynamic functions of RV in the normal state differ considerably from those of LV. For example, afterload, a major determinant of ventricular function, differs nearly sixfold between RV and LV under normal conditions (7) .
Cardiac adaptation to a variety of physiological stresses is inevitably linked to molecular remodeling of the sarcoplasmic reticulum (SR) Ca 2ϩ -cycling apparatus. The major Ca 2ϩ -cycling proteins in SR include the ryanodine receptor (RyR) Ca 2ϩ release channel (CRC), which is responsible for Ca 2ϩ release into cytosol on myocyte excitation to induce muscle contraction (5); sarco-(endo)plasmic Ca 2ϩ -ATPase (SERCA2a), which actively sequesters Ca 2ϩ back into SR lumen to promote muscle relaxation (18) ; the Ca 2ϩ -storage protein calsequestrin (27) ; and phospholamban (PLN), which regulates Ca 2ϩ -ATPase function (23, 34, 37) . In its unphosphorylated state, PLN is thought to interact with Ca 2ϩ -ATPase, exerting an inhibitory effect manifested largely through a decrease in the enzyme's affinity for Ca 2ϩ ; phosphorylation of PLN by cAMP-dependent protein kinase or calmodulin (CaM) kinase is thought to disrupt this interaction, resulting in enhanced affinity of the ATPase for Ca 2ϩ and stimulation of Ca 2ϩ pump activity (23, 34, 37) . This long-standing view has been questioned recently, and it has been reported that Ca 2ϩ , but not phosphorylation of PLN, disrupts the interaction between Ca 2ϩ -ATPase and PLN (1). Besides PLN, CaM and CaM kinase are tightly associated with cardiac SR and have been implicated in modulation of Ca 2ϩ uptake and release functions of SR through direct phosphorylation of Ca 2ϩ -ATPase (15, 31, 32, (43) (44) (45) (46) and RyR CRC (14, 38, 42) .
Increase in afterload of the systemic circulation is known to invoke tissue remodeling and altered Ca 2ϩ homeostasis in LV. However, the impact of physiological load of RV on SR function, to our knowledge, has not been studied. As a first step in exploring the mechanisms of RV adaptation to stress, the present study evaluated potential intrinsic differences in SR Ca 2ϩ -cycling properties of RV and LV, given the huge difference in afterload encountered by these cardiac chambers in the normal physiological state. Although an earlier study documented differences in Ca 2ϩ transport between regions of the dog heart (9), the mechanistic basis of the differences was not addressed. Here we combine biochemical analysis with functional studies of intracellular Ca 2ϩ concentration ([Ca 2ϩ ] i ) transients in freshly isolated myocytes to gain insights into the intrinsic Ca 2ϩ cycling properties of RV and LV in normal rat myocardium. Our findings demonstrate striking chamber-specific differences, with a smaller fraction of the available SR Ca 2ϩ pump units operative in RV than in LV, implying greater diastolic reserve in RV. We propose that this is of importance in preserving RV function in response to a sudden rise in afterload or impedance of blood flow created by the resistance in the pulmonary vasculature.
METHODS

Animals.
Male Wistar rats weighing 250 -300 g were purchased from Charles River (St. Constant, PQ, Canada). On arrival, the rats were housed individually in plastic cages in the Health Sciences Center animal care facility of this institution at 23°C on a 12:12-h light-dark cycle. The investigations were conducted under guidelines approved by the local Animal Care Committee in accordance with the standards of the Canadian Council on Animal Care. All animals had free access to food (Purina chow containing 20% protein) and water.
Chemicals. Reagents for electrophoresis were obtained from BioRad Laboratories (Mississauga, ON, Canada). [␥-
32 P]ATP was purchased from Amersham (Oakville, ON, Canada), 45 CaCl2 from New England Nuclear (Mississauga, ON, Canada); anti-PLN monoclonal antibody from Upstate Biotechnology (Lake Placid, NY), and fura-2 AM from Molecular Probes (Eugene, OR). SERCA2-specific antibody anti-87 (24) was a generous gift from Dr. A. K. Grover (McMaster University, Hamilton, ON, Canada). All other chemicals were obtained from Sigma (St. Louis, MO).
Preparation of SR membrane vesicles and muscle homogenate. SR membrane vesicles were isolated from RV and LV myocardium of rats according to the procedure described previously (22) . Briefly, RV and LV free walls were isolated separately, minced, and homogenized (Polytron, Brinkman Instruments, Westbury, NY) with three 15-s bursts at 30-s intervals at setting 5.5 in 6 vol (based on tissue weight) of ice-cold buffer (10 mM NaHCO 3, pH 6.8). The homogenate was centrifuged at 1,000 g for 10 min at 4°C. The supernatant was decanted and kept in an ice slurry. The pellet was resuspended in 4 vol of ice-cold buffer and centrifuged as described above. The supernatant was decanted and combined with the first supernatant, and the pellet was discarded. The combined supernatant was centrifuged at 8,000 g for 20 min at 4°C. The supernatant was collected, and the pellet was discarded. KCl was added to the supernatant (44 mg/ml, 0.6 M final concentration), swirled until dissolved, left on ice for 25 min, and then centrifuged at 40,000 g for 1 h at 4°C. After isolation, the SR vesicles were suspended in 10 mM Tris-maleate (pH 6.8) containing 100 mM KCl and stored at Ϫ80°C after quick freezing in liquid nitrogen. Protein concentration was determined by the method of Lowry et al. (26) with bovine serum albumin used as the standard. The yield of SR membranes from RV and LV myocardium was similar (ϳ1.9 mg/g wet tissue). The relative purity of SR vesicles from RV and LV myocardium of rats did not differ as judged from essentially similar protein profiles revealed by SDS-PAGE.
In addition to SR membranes, RV and LV muscle homogenates were used in some experiments. The muscle tissue was homogenized (Polytron) with three 15-s bursts at 30-s intervals at setting 5.5 in 10 vol (based on tissue weight) of buffer (10 mM Tris ⅐ HCl-100 mM KCl, pH 6.8). The homogenates were filtered through four layers of cheese cloth.
Determination of Ca 2ϩ uptake. ATP-dependent, oxalate-facilitated Ca 2ϩ uptake by cardiac SR vesicles and muscle homogenates was determined using the Millipore filtration technique as described previously (29) . The standard incubation medium for Ca 2ϩ uptake (250 l total volume) contained (in mM) 50 Tris-maleate (pH 6.8), 5 MgCl 2, 5 NaN3, 120 KCl, 0.1 EGTA, 5 potassium oxalate, 5 ATP, 0.1 45 CaCl2 (ϳ8,000 cpm/nmol, 8.2 M free Ca 2ϩ ), and 0.025 ruthenium red and cardiac SR vesicles (7.5 g protein) or muscle homogenate (10 g protein). In experiments where Ca 2ϩ concentration dependence was varied, EGTA concentration was held constant at 0.1 mM, and the amount of total 45 CaCl2 added was varied to yield the desired free Ca 2ϩ concentration according to the computer program of Fabiato (11) . The Ca 2ϩ uptake reaction was initiated by addition of SR to the assay components, which had been preincubated for 3 min at 37°C. The data on Ca 2ϩ concentration dependence of Ca 2ϩ uptake were analyzed by nonlinear regression analysis (SigmaPlot) and fitted to the following equation
where v is measured Ca 2ϩ uptake activity at a given Ca 2ϩ concentration, Vmax is maximum activity, K0.5 is Ca 2ϩ concentration resulting in one-half Vmax, and n is the Hill coefficient. To evaluate the effect of endogenous CaM kinase or exogenous PKA on Ca 2ϩ uptake, assays were performed in the absence of CaM or PKA and in the presence of 2 M CaM or PKA (catalytic subunit; 8 g in 250 l of incubation medium). The Ca 2ϩ uptake reaction was initiated by addition of SR to the assay components, which had been preincubated for 3 min at 37°C.
Immunoblotting of SERCA2a and PLN. Western immunoblotting techniques were used for detection and estimation of the relative amounts of SERCA2a and PLN in SR of LV and RV of rat heart. The SR vesicles (25 g protein/lane) were first subjected to SDS-PAGE in 10% (for SERCA2a) or 15% (for PLN) gels, and the fractionated proteins were transblotted to nitrocellulose membranes. The membranes were probed with antibodies specific for cardiac SERCA (anti-87, polyclonal, 1:1,000 dilution) and PLN (monoclonal, 0.5 g/ml). A peroxidase-linked goat anti-rabbit IgG (for Ca 2ϩ -ATPase) or goat anti-mouse IgG (1:5,000 dilution) was used as the secondary antibody. Protein bands reactive with antibodies were visualized using the enhanced chemiluminescence detection system (Amersham). The images of the protein bands were optimized, captured, and analyzed by a video documentation system (ImageMaster, Pharmacia Biotech, San Francisco, CA).
Determination of phosphoenzyme formation and decomposition. The standard reaction medium (0.5 ml total volume) for measurement of phosphoenzyme (EP) formation/decomposition contained (in mM) 40 Tris ⅐ HCl (pH 7.0), 100 KCl, 5 MgCl 2, 5 NaN3, 0.1 EGTA, 0.1 CaCl2 (8.2 M free Ca 2ϩ ), and 0.002 [␥-32 P]ATP (ϳ12,000 cpm/ pmol) and SR vesicles (50 g protein). To determine EP formation (steady-state EP level), [␥-32 P]ATP was added to the reaction mixture, which had been preincubated for 3 min at 4°C. The reaction was quenched with 1 ml of stop solution (6% trichloroacetic acid-0.3 mM ATP-5 mM P i) 15 s after addition of radioactive ATP. To determine EP decomposition, the steady-state level of 32 P-labeled EP was first obtained as described above. Then 5 l of 12.5 mM nonradioactive ATP were added to the reaction mixture (124 M final concentration); the reaction was acid quenched with stop solution at desired time intervals after addition of nonradioactive ATP. The acid-precipitated protein samples were subjected to acidic SDS-PAGE (33) and autoradiographed. The EP bands visualized on the autoradiograms were quantified by liquid scintillation counting of bands excised from the gel.
Myocyte isolation. Myocytes were isolated as previously described (10) . Briefly, hearts were mounted on a Langendorff apparatus and perfused with Ca 2ϩ -free buffer containing (in mM) 120 NaCl, 5.4 KCl, 1 MgCl2, 0.33 NaH2PO4, 10 HEPES, and 10 glucose at pH 7.4. After a brief equilibration period, 1.16 mg/ml type II collagenase (Worthington Biochemical, Lakewood, NJ) and 0.1 mg/ml protease type XIV were added to the buffer, and the heart was perfused for 9 min in a recirculating manner. Collagenase was washed out with buffer containing 0.2 mM Ca 2ϩ , and the heart was anatomically separated into LV and RV and diced with scissors. After incubation at 37°C, tissues were filtered through a nylon mesh and allowed to settle. The cells were exposed to a series of sedimentation and resuspension steps in buffer containing increasing concentrations of Ca 2ϩ (0.2-1.0 mM). Cell yield was assessed microscopically, and the density was diluted to ϳ10 5 cells/ml; 50 -60% of LV and RV cells were healthy and rod-shaped.
Measurement of [Ca 2ϩ ]i. Fura-2 was used to measure Ca 2ϩ transients in single myocytes. Cells were loaded by incubation with 1 M fura-2 AM for 30 min at 35°C and then allowed to settle onto a glass coverslip that comprised the bottom of a perfusion chamber (ϳ0.75 ml vol). The chamber was mounted on a Nikon inverted microscope and continuously perfused with bathing solution at 2-3 ml/min at room temperature. Cells were considered viable if they demonstrated a characteristic rod shape without blebbing and contracted reversibly after electrical pacing at frequencies of 0.25-1.0 Hz using a 2.5-msduration pulse with a pair of platinum electrodes. Cells were illuminated with alternating 345-and 380-nm light using a Deltascan system (Photon Technology International), with the 510-nm emission detected using a photometer, as previously described (35 32 P]ATP after preincubation of the rest of assay components for 3 min at 37°C. The Ca 2ϩ /CaM dependence of phosphorylation was monitored in parallel assays without Ca 2ϩ (in the presence of 1 mM EGTA) and CaM in the assay system. Reactions were terminated after 2 min by addition of 15 l of SDS sample buffer, and the samples were subjected to SDS-PAGE in 4 -18% gradient gel, stained with Coomassie brilliant blue, dried, and autoradiographed. Phosphorylation was quantified by liquid scintillation counting after excision of the radioactive bands from the gels as described previously (21, 45) .
Coimmunoprecipitation of SERCA2a and PLN. The coimmunoprecipitation protocols were similar to those described by Asahi et al. (1) . For quantification of a stable PLN-SERCA interaction, 1 mg/ml SR protein in 0.25 M sucrose, 10 mM Tris ⅐ HCl (pH 7.5), 20 M CaCl 2, 3 mM 2-mercaptoethanol, and 150 mM KCl were mixed with an equal volume of solubilizing buffer [40 mM HEPES-NaOH (pH 7.5), 300 mM NaCl, 2 mM EDTA, 4 mM phenylmethylsulfonyl fluoride, and 1% Tween 20] . The samples were vortexed for 30 s and centrifuged in a Beckman microcentrifuge for 30 min at 16,000 g. The supernatants were rotated with BSA-treated protein G-Sepharose for 30 min and centrifuged to remove protein bound nonspecifically to protein G-Sepharose. The supernatants were then mixed with a protein GSepharose-PLN monoclonal antibody complex. The samples were rotated for 30 min at 4°C and centrifuged. The pellets were washed three times with a buffer composed of 20 mM HEPES (pH 7.5), 150 mM NaCl, 1 mM EDTA, and 0.5% Tween 20. The samples were loaded on 8% polyacrylamide gels, and the proteins were separated by standard SDS-PAGE protocols and transferred to nitrocellulose membranes. After blocking with a skim milk suspension, the membranes were probed with antibody specific for cardiac SERCA (anti-87, polyclonal), washed in Tris ⅐ HCl, pH 7.5, 100 mM KCl, 0.1% Tween 20 (TBS-0.1% Tween), and treated with horseradish peroxidaseconjugated goat anti-rabbit secondary antibody. Membranes were washed in TBS-0.1% Tween 20, and the signals were detected with an enhanced chemiluminescence detection system (Amersham). The images of protein bands were optimized, captured, and analyzed by a video documentation system (ImageMaster).
Data analysis. Statistical analysis was performed using the SigmaPlot scientific graph program (Systat) and Student's t-test for unpaired data. P Ͻ 0.05 was taken as the level of significance. Results were averaged and are expressed as means Ϯ SE of experiments using separate preparations; n denotes the number of independent determinations using separate SR/myocyte preparations.
RESULTS
SR Ca
2ϩ sequestration function differs in RV and LV. ATP-dependent, oxalate-facilitated Ca 2ϩ uptake by SR vesicles is commonly used to measure Ca 2ϩ pump function of SR in vitro. The rates of ATP-driven Ca 2ϩ uptake into cardiac SR vesicles from RV and LV of normal rat myocardium are presented in Fig. 1A . The rate of Ca 2ϩ uptake, measured in the presence of saturating free Ca 2ϩ (8.2 M, see below), was strikingly lower (ϳ4-fold) in RV than in LV. Experiments using unfractionated muscle homogenates also showed a similar difference in the Ca 2ϩ -sequestering activity between RV and LV (Fig. 1B) . Furthermore, the huge disparity in Ca 2ϩ uptake rates of SR in RV and LV could be observed at a wide range of Ca 2ϩ concentrations (0.01-8.2 M; Fig. 2) . Analysis of the kinetic parameters revealed a significant difference in the maximum velocity of Ca 2ϩ pumping (V max ϭ 176 Ϯ 13 and 
Expression of SERCA2a and PLN.
To examine the mechanistic basis for the observed difference in Ca 2ϩ uptake activity between SR of RV and SR of LV, we examined the densities of SERCA2a, which actively sequesters Ca 2ϩ back into the SR lumen to promote muscle relaxation (27) , and PLN, which regulates Ca 2ϩ -ATPase function (23, 34, 37) . When assessed by quantitative immunoblotting, SERCA2a protein levels were ϳ14% lower in SR of RV than SR of LV ( Fig. 3A ; P Ͻ 0.05) and PLN was ϳ17% lower in SR of RV (Fig. 3B) . The ratio of SERCA2a to PLN was similar in RV and LV (Fig. 3C ). The small difference in Ca 2ϩ pump density cannot account for the large (ϳ4-fold) difference in Ca 2ϩ pump activity between RV and LV ( Figs. 1 and 2) . Ca 2ϩ -dependent EP formation and EP decomposition. The transport of Ca 2ϩ by SERCA occurs as part of the reaction cycle of ATP hydrolysis. The mechanism of coupling ATP hydrolysis and Ca 2ϩ transport involves sequential transitions in enzyme conformation along the reaction pathway (18, 19, 28 -dependent EP formation was markedly lower in SR of RV than SR of LV (Fig. 4A) . The difference in the steady-state level of Ca 2ϩ -dependent EP formation by SR of RV and LV is in agreement with the difference in Ca 2ϩ uptake activities in SR of RV and LV (cf. Figs. 1 and 2 ). There was no significant difference in the rate of decomposition of preformed EP between SR of RV and SR of LV (Fig. 4B) .
Contraction (Fig. 5A) . The [Ca 2ϩ ] i decay was well fit by a single-exponential equation (Fig. 5, B and C) , and the decline of [Ca 2ϩ ] i was significantly more rapid in LV, as indicated by a shorter time constant of decay over a range of stimulus frequencies (Fig. 5D ). There were essentially no differences in systolic and diastolic intracellular Ca 2ϩ concentrations between LV and RV (Fig. 5E ).
Cell shortening/recovery. Cardiac contractility is regulated at the myocyte level by the rate and amplitude of the intracellular Ca 2ϩ transient and properties of the myofilaments. We investigated whether the difference in Ca 2ϩ handling was accompanied by changes of contractile properties. The cell shape and the presence of distinct striations were comparable in LV and RV myocytes. Cell shortening was measured from a series of digital video frames. A representative cycle (diastolic, systolic, and recovery) of an RV myocyte is shown in Fig. 6A . There was no significant difference between LV and RV peak systolic or diastolic cell length (Fig. 6B) . However, when fractional shortening was determined as the difference between systolic and diastolic length, LV myocytes exhibited significantly greater shortening than RV myocytes (Fig. 6C) .
Effect of endogenous CaM kinase II and exogenous PKA on Ca 2ϩ uptake activity. To clarify whether differences in the regulatory influence of endogenous CaM kinase II might account for the difference in SR pumping activity in RV and SR, ATP-dependent Ca 2ϩ uptake by SR was determined in the absence and presence of CaM. Addition of CaM to the Ca 2ϩ uptake assay medium would be expected to promote activation of CaM kinase II and consequent phosphorylation of Ca 2ϩ - ATPase and PLN. CaM (2 M) stimulated Ca 2ϩ uptake by SR vesicles from RV and LV (Fig. 7A) . This stimulatory effect of CaM was observed when assays were performed with a subsaturating (0.6 M) or saturating (8.2 M) concentration of free Ca 2ϩ . Additionally, a significant stimulatory effect of PKA on Ca 2ϩ uptake was observed in SR of RV and LV at saturating and subsaturating free Ca 2ϩ concentrations (Fig.  7B) . The stimulatory effect of CaM or PKA on Ca 2ϩ uptake showed only a small difference between SR of RV and SR of LV (ϳ60% and ϳ30% increase, respectively), demonstrating that CaM or PKA does not abolish the disparity in SR Ca 2ϩ pump activity between RV and LV. It is noteworthy that the free Ca 2ϩ concentrations employed in these studies are well within the physiological range (3) and can be expected to cause maximal activation of SR-associated CaM kinase (15) .
SR protein phosphorylation by endogenous CaM kinase II. CaM kinase II associated with SR (and present in the cytosol) is implicated in the regulation of Ca 2ϩ uptake and release functions of cardiac SR through phosphorylation of PLN (23, 34, 37) , RyR CRC (14, 42) , and Ca 2ϩ -ATPase (31, 32, (43) (44) (45) (46) . We determined endogenous CaM kinase-catalyzed protein phosphorylation in SR vesicles isolated from RV and LV myocardium. Figure 8A shows the protein profiles of SR vesicles isolated from RV and LV and the corresponding autoradiogram depicting protein phosphorylation. In the presence of Ca 2ϩ and CaM, SR-associated CaM kinase II catalyzed phosphorylation of RyR CRC, Ca 2ϩ -ATPase, and PLN. In these experiments, phosphorylation was quantified by determining 32 P incorporation into protein bands excised from the gels. The results revealed a significantly lower (ϳ20%) level of substrate phosphorylation in SR from RV than SR of LV (Fig. 8B) .
Physical interaction between Ca 2ϩ -ATPase and PLN. We recently showed that, in native cardiac SR, physical interaction between Ca 2ϩ -ATPase and PLN renders the Ca 2ϩ -ATPase catalytically inert (30) . Another study reported that Ca 2ϩ disrupts the physical interaction between Ca 2ϩ -ATPase and PLN (1) . In additional experiments, we entertained the possibility that higher levels of stable PLN-bound Ca 2ϩ -ATPase units in SR of RV than SR of LV may underlie the disparity in Ca 2ϩ sequestration function of RV and LV. SR vesicles isolated from RV and LV were treated with Tween 20 in the presence of 10 M Ca 2ϩ . The solubilized membrane proteins were then treated with protein G-Sepharose-PLN antibody complex, and coimmunoprecipitation of Ca 2ϩ -ATPase (SERCA2) with PLN was monitored by Western blotting with antibody specific for cardiac SERCA2 (anti-87, polyclonal). The results are shown in Fig. 9 . The amount of stable SERCA2-PLN complex was ϳ50% higher in SR of RV than SR of LV, suggesting a preponderance of functionally inert SERCA2 units in RV. In these experiments, the SERCA2-PLN complex resistant to dissociation in the presence of 10 M Ca 2ϩ is regarded as the stable SERCA2-PLN complex (1).
DISCUSSION
The findings reported here demonstrate a striking chamberspecific difference in the rate of Ca 2ϩ sequestration by SR between RV and LV from normal rat myocardium and provide insights into the mechanisms underlying this phenomenon, its impact on intracellular Ca 2ϩ cycling, and myocyte contractile function. Our results show nearly fourfold lower rates of Ca 2ϩ sequestration by SR of RV than SR of LV in rat heart. Interestingly, the magnitude of difference in SR Ca 2ϩ sequestration between RV and LV is reminiscent of the difference in afterload between RV and LV. In the systemic circulation, sustained increase in afterload is well known to invoke alterations in LV functions, with attendant modifications in SR Ca 2ϩ -cycling properties (8, 13, 40) . Thus the hemodynamic load on the ventricle appears to be a major determinant of the SR Ca 2ϩ -cycling property and ventricular function. The intrinsic difference in Ca 2ϩ -sequestering activity between SR from RV and SR from LV of normal rat myocardium observed here may be a reflection of this phenomenon. A previous study that examined Ca 2ϩ uptake by microsomes from different regions of the dog heart also reported lower Ca 2ϩ uptake activity in membranes from RV than in membranes from LV (9) . Thus a chamber-specific difference in SR Ca 2ϩ sequestration function between RV and LV is evident in rat and dog heart, suggesting that this is of general physiological significance.
A number of experimental approaches were utilized to characterize the mechanisms underlying the difference in SR Ca 2ϩ pump activity between RV and LV and discern its physiological relevance. When protein levels were assessed by Western blotting, small differences in SERCA2 Ca 2ϩ pump density and PLN levels were apparent, but these could not account for the large difference in SR Ca 2ϩ pump activity. Moreover, protein levels do not necessarily reflect the functional status of the Ca 2ϩ pump units. Measurement of the steady-state level of the EP intermediate in the catalytic and ion transport cycle of the Ca 2ϩ -ATPase revealed a nearly fourfold lower EP level in SR from RV than in SR from LV. Because the SERCA2 content in RV and LV differed only marginally (ϳ14%), this finding implies that Ͻ50% of the SR Ca 2ϩ pump units in RV are catalytically active. Therefore, we conclude that the large disparity in SR Ca 2ϩ sequestration between RV . Physical interaction between Ca 2ϩ -ATPase (SERCA2a) and PLN in SR membranes isolated from RV and LV of rat myocardium. SR membranes were solubilized with Tween 20, and supernatants were rotated with BSAtreated protein G-Sepharose and centrifuged to remove proteins bound nonspecifically to protein G-Sepharose. Supernatants were then mixed with a protein G-Sepharose-PLN monoclonal antibody complex, and samples were rotated for 30 (30) . In the present study, we have found that activation of endogenous SR CaM kinase by Ca 2ϩ / CaM, which results in phosphorylation of PLN and Ca 2ϩ -ATPase (Fig. 8) (15, 39, 43 ), does not attenuate the disparity in Ca 2ϩ sequestration between SR from RV and SR from LV. Exogenous PKA, which phosphorylates PLN (34), also fails to overcome the disparity in SR Ca 2ϩ pump function between RV and LV. Therefore, it appears that a major portion of Ca 2ϩ pump units in SR from RV remains stably associated with PLN; these PLN-bound Ca 2ϩ pump units are functionally inert and resistant to recruitment by conventional Ca 2ϩ /CaM-or PKA-mediated processes. The existence of a pool of functionally silent "reserve SR Ca 2ϩ pumps" in RV might be of considerable physiological significance, inasmuch as these Ca 2ϩ pumps can be called into action to protect and maintain RV function when a sudden rise in afterload or resistance is encountered by the pulmonary circulation. Future studies are needed to address whether induction of experimental pulmonary hypertension will result in recruitment of the reserve SR Ca 2ϩ pumps in RV.
The Ca 2ϩ transients in freshly isolated myocytes in response to electrical filed stimulation revealed characteristic differences between RV and LV myocytes. The most striking among these was a clearly prolonged Ca 2ϩ transient in RV myocytes compared with LV myocytes, mainly due to a slow rate of Ca 2ϩ decay. In rat ventricular myocytes, Ca 2ϩ sequestration by the SR is thought to account for removal of 90% of Ca 2ϩ from the cytosol; thus the rate of Ca 2ϩ decay largely reflects the rate of SR Ca 2ϩ uptake (2, 6) . Therefore, the slowed intracellular Ca 2ϩ clearing (longer time constant of Ca 2ϩ decay) in RV myocytes is consistent with our findings demonstrating slow rates of Ca 2ϩ sequestration by SR from RV compared with SR from LV. Slowing the decay of the Ca 2ϩ transient will also reduce the speed of relaxation. Because the peak systolic pressure developed in RV is markedly lower than that developed in LV, the slow rate of RV relaxation may promote temporal synchrony of the end of diastole in the two ventricular chambers. There was no significant difference between LV and RV peak systolic and diastolic cell length. However, when fractional shortening was determined as the difference between systolic and diastolic length, the degree of shortening was greater in LV than in RV myocytes. Because the SR Ca 2ϩ pump activity is a major determinant of SR Ca 2ϩ load (and, hence, the amount of Ca 2ϩ available for release) (20, 36, 41) , the greater SR Ca 2ϩ pump activity in LV is consistent with more shortening in LV myocytes.
In conclusion, our findings demonstrate strikingly slower rates of Ca 2ϩ sequestration by SR from RV than by SR from LV, despite similar levels of SR Ca 2ϩ pump (Ca 2ϩ -ATPase) units in RV and LV. A major fraction of available Ca 2ϩ pump units in RV are functionally inert because of their apparently stable association with the Ca 2ϩ pump inhibitor protein PLN. Intracellular Ca 2ϩ transients, evoked by electrical field stimulation, are prolonged in RV myocytes compared with LV myocytes, mainly because of slow [Ca 2ϩ ] i decay due to the lower SR Ca 2ϩ pump activity in the RV myocytes. Because of the vast difference in peak systolic pressure between RV and LV, the slow [Ca 2ϩ ] i decay in RV and the consequent decrease in the speed of RV relaxation may promote temporal synchrony of the end of diastole in RV and LV. The PLN-bound, functionally silent SR Ca 2ϩ pumps in RV apparently reflect the higher diastolic reserve required to protect and maintain RV function in the face of a sudden rise in afterload or resistance in the pulmonary circulation. An interesting species-specific difference in diastolic reserve has been demonstrated recently in a study that compared the Ca 2ϩ -cycling properties of rabbit and horse cardiomyocytes. The density of SR Ca 2ϩ pump units was similar in rabbit and horse cardiomyocytes, although the resting heart rate is much lower in the horse (25) . The horse, however, has the ability to increase heart rate ϳ10-fold during strenuous exercise (25) . 
